The relation between intrarectal volume and pressure during increasing rectal distension by a latex balloon were studied on repeated occasions in 10 healthy adult volunteers to define variations within and between individuals. A wide intersubject variation in the maximum tolerable volume (58-908 ml) and pressure (12-2-108.8 The protocols for the studies performed were approved by the local district ethics committees and all participants gave their informed consent before the study.
(r=0.78). Intrasubject variation in maximum tolerable volume also occurred which was related to study order and progressively reduced with repeated study. In 26 unselected patients with pain predominant irritable bowel syndrome similar intersubject variation was noted and virtually all patient data fell within the calculated 95% confidence limits of the normal individuals. Differentiation between patients and normal subjects was not possible from knowledge of rectal responses. These noticeable inter-and intrasubject variations in rectal responses to distension need to be considered whenever similar techniques are proposed for use in the study of rectal disease or of rectal response to treatment.
Method SUBJECT SELECTION
The protocols for the studies performed were approved by the local district ethics committees and all participants gave their informed consent before the study.
Ten healthy adults (eight men and two women aged 18-21 years) with no previous history of gastrointestinal disorder were studied. Twenty six patients (Table I) suffering from the irritable bowel syndrome underwent similar examination. The diagnosis was made from an appropriate history'0' and was supported by a normal physical examination, sigmoidoscopy, full blood count, erythrocyte sedimentation rate, biochemical profile, and barium enema.
PREPARATION FOR STUDY
All subjects and patients were requested to defecate immediately before the study and digital examination of the rectum was always performed before insertion of the manometry assembly to check that the rectum was clear of faeces.
Studies of the relation between intraluminal pressure and volume of the rectum have been performed for the past 40 years since White et al' modified the technique of cystometrography2 for the investigation of neurological conditions affecting the colon. Using similar methods, differences have been reported to exist between normal subjects and groups of patients with a variety of colonic disorders including constipation,3 the irritable bowel syndrome,4 and radiation proctitis.5 Modifications of the technique have also been used to study the effect of drugs on rectal function6 and to define a rheological model of the rectum in response to stretch.7 Despite this continued clinical interest, however, information on the responses of the normal rectum to distension is scanty and the reproducibility of the technique in healthy subjects has never been assessed in sufficient detail for a normal range of data to be constructed with any confidence.
We therefore performed a series of repeated studies on healthy subjects to define the reproducibility of some currently used techniques and to construct a normal range of response. We then compared these data with those subsequently obtained from patients with the irritable bowel syndrome to test the assertion489 that an abnormal response to rectal distension can be shown in this condition.
APPARATUS
Rectal distension was performed using a previously developed technique.3 A highly compliant balloon, constructed from a 7 cm length of condom, was tied round a central polyvinyl chloride inflation tube (internal diameter 4-3 mm). Intraballoon pressures were measured via an open ended polyvinylchloride capillary tube (internal diameter 0-63 mm, external diameter 1-4 mm) perfused at 0 4 ml/ minute by a pneumohydraulic pump." Pressure changes, transmitted to the proximal end of the capillary tube, were detected by an attached strain gauge transducer (Gaeltec, Sb8, Skye, Scotland), the output of which was displayed on a chart recorder (Watanabe Linear Corder Mark VII, Tokyo, Japan) operating at a speed of 25 mm/minute.
The balloon was distended with water, at 37°C, using a peristaltic pump (Watson-Marlow 502s, Falmouth, Cornwall), which infused the water at a predetermined rate independent of intraballoon pressure, the volumes infused being determined by the duration of the perfusion.
Before each study the balloon was distended on the bench to enable its intrinsic pressurevolume characteristics to be identified. Intrarectal pressures were then calculated as in previous experiments by subtracting these balloon pressures from those recorded during the study.
Inter-and intraindividual variation in pressure-volume relations ofthe rectum in normal subjects and patients with the irritable bowel syndrome had reache also asked t Normal subjects at each sen After an overnight fast the subjects reclined on sensations an examination couch in left lateral position and inflations. the balloon assembly was introduced into the rectum. On each study day each subject underwent six rectal distensions with a five minute Patient stud period between each inflation. This procedure The patieni was repeated on at least three days (maximum six one day o days) at an inflation rate of 150 ml/minute in all ml/minute. subjects. In five of the subjects additional studies sensory en( were then performed at rates of 70 ml/minute whether ti and 240 ml/minute (three studies at each rate), they usuall the order of these additional studies being randomised.
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Maximum tolerated volume (ml) determined. The relation between the maximum tolerable volume and pressure was studied using correlation coefficients'3 and a normal range for this relation (the 95% bivariate confidence region) was calculated using Hotelling's T2 distribution. ' Rectal sensation during distension In the 150 ml/minute experiments, all subjects described rectal distension in similar terms. Threshold sensation was described as something present in the rectum and maximum tolerable volume as an intense and urgent desire to evacuate the bowels. They also stated that these sensations were similar when the inflations were compared with each other both on the same and on different days. At the faster and slower inflation rates, however, the quality of the sensation seemed to differ, having a duller nature at the slower speed and a sharper quality at the more rapid rate.
Resultsfor the 150 mllminute inflation studies Pressure-volume profile. The shapes of the pressure-volume curves varied between subjects (Fig 1(A) and (B) Figure 2 . A similar demonstration of data collected from the first study day only is shown in Figure 3 Mean of inflations [2] [3] [4] [5] [6] Intrasubject variation. In addition to intersubject variation, an appreciable in maximum tolerable volume was se each subject. This variation was great first day of study, the ratio of the 4 between the first inflation and mea second to sixth inflations ranging bet 13 1%. The variation lessened with the until the third and subsequent days ( 117%). Some subjects showed a progri in maximum tolerable volume for a gi day while in others it fell (Fig 4) . In al however, there was a progressive incrc overall maximum tolerable volume foi as the study progressed (Fig 5) Tables I and II. A wide interindividual range in maximum tolerable volume (range 43-396 ml) and pressure at this volume (range 9 0-57-9 cm H20) was seen, which was of a similar magnitude to that recorded from the normal subjects. Comparison of the patient data with those obtained from the normal subjects (Fig 7) showed that only five of the 87 patient data points lay outside the normal 95% confidence limits irrespective of the age or sex, although they did tend to does not yet seem to be a suitable mathematical method capable of describing the various patterns, and pressure-volume descriptions still await objective analysis.
Previous studies of patients with the irritable bowel syndrome' III have described differences between groups of patients and matched controls, but the diagnostic importance of these group differences for individual patients has been difficult to determine. Our results suggest that the diagnostic value of the technique is poor since virtually all our patients showed responses which fell within our wide range of normality. Although there was a tendency for the patient data to cluster at its lower end, it is difficult to know whether this represents a true difference in rectal physiology or indicates reduced tolerance to the discomfort of distension. Physiological differences seem unlikely, however, in view of the normal appearance of the pressure-volume curves in most patients.
Our results for repeated studies at different rates show that over the inflation rates chosen no obvious differences in normal rectal performance could be detected. This situation may not of course persist in irritable bowel syndrome patients, in whom we were unable to obtain data for different inflation speeds. Previous reports,"7 for example, indicate that large volumes rapidly infused in patients with irritable bowel syndrome and normal controls produced indistinguishable responses. When smaller volumes were infused more slowly, however, the two groups could be distinguished in terms of contractile activity induced. Further studies at a range of inflation speeds below those which we employed seem justified to explore this possibility in greater detail.
In considering the patient data further, it must be emphasised they were not strictly comparable in terms of sex and age with those of the normal subjects. However, our failure to show any The numbers in thefigure identify individual patients from Table I .
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Mean of inflations 2-6 evaluated twice using a similar inflation technique at a rate of inflation of 67 ml/minute. In seeking to explain these differences a number of possibilities arise. Firstly, the greater number of individuals recruited and the greater repetition in our study would naturally favour detection of a wider range. Secondly, the selection of patients with rectal diseases such as radiation injury or megacolon may have inadvertently introduced bias in favour of reproducibility. In addition to the question of reproducibility, the standard proctometrogram technique makes a number of theoretical assumptions which require critical discussion. For example, it is assumed that the balloon remains spherical and uniformly distends the rectal wall upon inflation. It seems likely, however, in practice that the balloon will increase its length as well as its diameter during distension as it does in air. For practical reasons, however, it is difficult to justify the exposure to x rays in normal subjects in order to be certain of balloon conformity, so that it is possible that the volume of the balloon indicated not only the volume of the rectum but distal sigmoid too. What this study does indicate, however, is that the receptivity of the lower bowel in healthy volunteers is rather larger than previously believed.
These technical limitations together with the wide range of response both in patients and normal individuals make it difficult to envisage how the presently conducted proctometrogram could reliably detect abnormalities of rectal function except perhaps when the rectal disease is gross -for example, contraction due to radiation.5 In these patients, however, abnormalities of the rectum are usually readily identified by simpler investigation.
The usefulness of the method for studying effects of drugs on rectal function is also brought into question by the wide range ofnormality. For example it can be predicted that at least 100 subjects would need to be recruited for a drug to show an alteration in rectal performance of 25%, with 95% confidence.
Based on current information we therefore suggest that differences found using the proctometrogram between groups of normal subjects and patients should be interpreted with caution until more precise techniques become available. 
